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(54) PARALLEL SORT DEVICE 

(5 7) Abstract 

PROBLEM TO BE SOLVED: To shorten the parallel 
processing time of a parallel sort device by equalizing 
the numbers of sorted strings which are read out of a 
secondary storage in every parallel processing unit when 
the external sorts whose objects data are not 
completely stored in a main storage are carried out in 
parallel to each other in a multiprocess. 
SOLUTION: The sort processing operations are carried 
out in the sort/merge main storage areas 31 and 32 
which are proper to the parallel processes. Then these 
sort processing results are stored in a shared sorted 
string main storage area 5. Then the strings are written 
in the work areas 81 and 82, and a work area 
management means 6 decides a string replacement block 
when the area 5 has an overflow. The strings are taken 
out of the area 5 and sent to the areas 31 and 32 to 
perform the merging operations after the sort phase is 
over. Then a string writing/reading means 7 decides the 
blocks to be read next, and these blocks are read out of 
the areas 81 and 82. 
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?>*!Sim®X'&&Zti&x b 0 yfifffirt&v- b/ 
y- h y vy 

mlBV - h- /-?- yM±IBtt««cO^ h 'J > X£ V - h 

mmmm^^iv- hm b y y^±i3t«B« 

w&v- h/-?-is%Mmffi®cox h y >?°£v-b 
/^-•jmmix^itzm^x b y y?*imv- 
bmx b y y^cmwucffittL. ** w*mev- 
h^fx h y y-7±mnm®<Dz b y y^fcy- r/v- 
LTfttr&x h y >7*miv- b/-?- : Jmi. 

m&mmzimt&v-b/v-is^&t, ^to^ 

friey- h/v- ^gbWHraay- h/v-vffl±iaii 
»ox b y y^jy- h/v-s^aa Lr^wsff 
ft&x h y >y<v7u ^ fcflriEv- haf* b y y Xife 
wmm<?)x b y ynsuii lt£ th^-^yu-v 

u >-,7 *W&mWli&. ZWH&tZ, bvy 
fHiftLrttZ <5*U> yn <y mZWl < -$h «k 

fyfBy- hs* h y y/±iMMW*o:*->*7D--:/n 

*V^ttHnBV-harX h y >^±IE«B«W)^ h 'J y?" 

*y-h/v-v«ui-tsi:^. ffltBSsaufciss 
# 7-p >y ? S- . flffiff#ffiH£>6K»ffl LXX b y 

tizt mmt -r&mv- mse. 

1 IBtt^M^y - hSB. 

[0001] 

mnomzmizmi. wc, y-h^r-^* { ±iB 

[0002] Mflr-^^-x yXf Aiwcy— r 4 



[0003] T&.^mmit^fix^i,mvyXT^xn, 

i.imi^m.^Ja--)Vt^'thshar ed ev 
e r y t h i n gStf>T-3rT:? J H>T\ C<0^if!l 
ffl-C*4. iiffllfc^fi" Unshared 

noth i ngin, ^IfcftW^ ^ 'J T— ^ -fy 7 

[0004] 

[1] »raT0 3-0 7 1 22 7 

[2] Bitton D. , et al : "Paral 
lei Algorithms for the Ex 
ecution of Re I at i ona I Data 
base ACM Transactions on 
Data-base Systems, Vo 1 8, No 
3, September 1983, pages324 
-353. 

[3] "NonStop SQL 

«0T-*x??-v" . fflMm, Vol 3 3, Nol 
2, pages 143 6-1 4 4 QWhh. Ztlt><7)%: 

[ 0 0 0 5 ] £K [ 1 ] fc «fc*Ur, ±fB« (^fim ) 
V-hftMlbZ&T-fi (tin) *«-r^-CJR*t*V^ 

y-h7x-XfcLog (n/m)HI(7)?-y7i-X 

jnztbth. tzbi\f, v-b7*-x%rrmcr>Ab 
»yy<nmit. gckn/mx'$>z. ««v-hotw 

y-h7x-XtV-> ; 7x-XJ)§V>(i#^c7)V 

I. r-mmm<£fcffi&t:mmi-z>®fo m> i ( o 

* y , f^ifiafcJtV^f 4 I /O bound X"hZ> ) 
[S3Kl^8^-^*] . [AK1 ] Til. y-h7x- 

Xb ?-y'7i -X<7)S«iS L Sr . OTBIffc"? -x 
/-tl. 1 1 T, fieBEMS-^- ht-i.^ * y i*H-» 

3 0%*^8 0%CW B ^«/h-r§73ffi 
£liSl/Ov&. i<7)^cJ:tl{l, y-h«S(cflWB 

* L < 4HH L , f^^iSSSfflcD^ « y Jl-oco^ h y 

mmtm z&i. »?-y7i -xTii±ffi«ca 
ot^s* b y vx-frhymth zbx-mmm^^ 
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[0006] SW/- h fctaarn-fe vwmi 

■zisyizmmitzmtf. [2] iz^ztix^i. m 

-iSV-hZWfit&mT. SUB OPTIAML 
STAGEtOPTIMALSTAGEA^-^f-^ 

miztt-tmttv- y . t^hm^-9 

9 1^9 4S-7 , D-fe>ytf9 5^9 8T'y-ht, -?• 
cDf£m£&i»W{;:#rn-fe 7lf9 57bM9 8ft 1 1 
Xh'jy^'9 9(C-7-xLT^I). M?'J 2^x^-7-^* 

ffitftZ tvbwxrn* >v*rx~?-i?-fh Z t T ( p o s 

TOPTIMAL STAGE), l^COV—b^tltz 
&%£mZttfX'$&. 

[0007] m%T-?<-xi'ATMzmmuit 
&fim-98m*sffl*mtim&. xffl. 1 3 ] tckntr, 

<D%£<7)~fmfc%)S.t IX % r- 9 OfrS 0 eMMfi 

t>t. vmmM%9mx-\i. v-vmnTjumn 
mmmm<vm<vmi&mM*?)%i!MLtz><Dx\ -r- 

ztiizx&PcigKihfoho z<r>mzmmmthttm.<F> 

AL STAGEiPOSTOPTIMAL STAG 
[0008] 

IWB*W»LJ:3i:fftilli] 
fi 7 9 X ^M?)7-* t 9 f- SrftoM^ v y±T'M 

?ijy- h*aa£#a?f 4*£<oi8Ki«. s u b o pt 1 

MAL STAGE, OPT I MAL STAGEJI 

*«iw»y-hi:**u mizjM [ 1 ] o^^a 
jbu&*£\ m&v-hX'mLi-tttmmmcD-mi. 

Ki-rSifcT. l/0®$L<r>;<y>X£t&Ztm 
%&\t-ftifrt>X'hh. 

1 0 0 0 9 ] j«Uy - #7 x -XT"P]-r- 
*K0WSZ<fc£«'W> I /OBSttS* 2ffif AS. 
lgttA^r-^M^StiU tftvWx-Xoff 

turns.. yx-xmnmt&iK *mm7i- 
xmmm^^r-9<r>m^m^ mmx-^y 9 7 
vTth-hw^-fhfrX'hh. yx-xmm\m-lfz 



mzh. y - v/v- ssmzpi 9 %x 1 3E.mfea.imM 
■th-mm h . y - h /i-vmzm 0 3 r 4><ut± 
imiiyyyMzrr-tAtmmzh*). fmmmm 

izm 9%X 4>*ifc±EW4*K7 ? -fe * k * & . 
[00 10] i<0^T(i» Mfly-hOSUBOPT 
IMAL STAGE. OPTIMAL STAGES: 

M#|y- h^t'IteiL* 3 £ t T\ 7-5/'7i-X^) 

xh i ;y7 , T'2^ie , ti* ) 4.8i^aityo 7?»£#*h 

[00 11] 

T-?<-z<mttm(omiwmx\ v- mm 
zmmii-tm. -mmiznt&A&xmwwty 
v*x'$l t &>mmm<7)>i% 0 zwtizwmth ztiz 

[0012] *<nt&>. z<nwn<n. v-hftgwjjj 
ztihx h u yfivm+i y- h/-?-^m±imm 

^<0Br^Rrn «j9frt>ts:hx Y I) yfimx-ftLXffl 
f: , rolEy - h/^- vffl±IS1i««^x h 'J y 

y - mj >-^±ie-tss^x h u y- h/ 
-7- v-'^g LT^=5rx h y y?mm- v/i-v 
niEimwmzwm-h v- h/^-i^mt , 

h y y^wyn 7 ^ Srfluiey- h»x h y y mmffi 
®<7)z h y y7i,zmalxt}Lt&*-^7n-yu 9 
mmmmmzm^mt it*, mix h y v^ix 

m-tmmmmm^t , may- hmx y y 

H#&*ofctf>*#a}u As^JiOTsy-hafxhy 
yfZ.ii.t&imtox y y y/^y- h/v-^a-r-s 
Miei#Jixcj:i.s#yD7^s:. meffteft 
*&»6K»hjlt^ n y y^^fiTc-rsx h y y/s# 
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[ooi3] v-hcottMtt%&T-?te. zmmco 

yi,m«?)7t}-tx?v- b%x b y y^m±Mmmm 
izmmztii. v-b%A h u y?m±imo>x hv> 

-txxmttAJ}T-ftfm&ftZix$> tiK Z comofi 

mmtza. xbv y?m tzL/mz-ft L¥&#v- 
b/-?-^m±nmm®cox b y y/^oyo -y y 
z aut&mv- b$tz b y >7Mmm®t-mm 
commmizmzm-t. mamftwz. &m-t^v- 
bm* b y yymiettc£##&<&^*^ 
mmm^m. &xbvyy?mzwii7v-y?m i 
mKzmizmmi&^rv z 
com^m^uxii. mmmxmw-tz>. 
[ooi4] -7-^'7x-x-cii, v- bmx b y yy 
mMmvm(DMd;v- bmox b y yrtrnzM y & 
i , -7-^mi.immmzmm lx v- f&wzft o „ 
ztin. ®mcD7a-tzv&mzmmzti&. zcomft 

5:#7D-feX*ML!t^t^X h y y^izttixmrn 

JtPOSTOPTIMAL STAGE^g^iSStL 

h. ztili. ®-vyyftX'mmLXl>J;^l. my 
yizm&ixmmixh^K 
[0015] ±mttttwz. v- bmx b y yy%±n 
©wo . y 7i,z£ZtfxztzM&. xbv yym^taL 

y d -y y t pi t x b y yyxmzmm-t h y o -y 9 com 

->%st±. v- b^fx h y y^±eit««+^ h y 
xmj yy'm^ftL/lfML 

zmmizitMK&L^m-Tm-hisirth. z 
mmzi ot, &ra*xtfzmmco-mmm^ 

- h &m%m$mz&fr*th z t tfx-% i . 

[00 16] 

[0017] CWaH^to-Wtfi^jR^^tHl £# 
{SWS k . M^ijy- h$Si 1 ^'20(Drn-fe^t||ft 
&f»l££f?»U y-h<7)A*k ; 5rl»A^T-^2 1 , 
2 2 k, Wf-^J7n-bX^y-h7-yl± 
G1&R83 1 , 3 2*cSt»atffci^)A!iS*#S3 k , 



s^&a^'atjt- 9 z y- N/v-s;ffl±iEtt«W3 
l, 3 2±?V-bh&Wi-?- : JlX%iL^xbVy 
ySr^Ufrtl. y- h/v-^W54 k , y- h /-?->-' 
#S4 fc J: ->x y- h s*ifci»T**x h y y^5 i 
m. 5 4 § y- h^Fx h y ym±tmm®5 
t. AjjT-?e>&ff&<. v-hmzboyrmm 

mmmmm e t , ft4MUMms 6 *^ y 

o -y ^ * 7-n-t^»JC^>f3IS«8 1.82 JiJ-f 

xbvyymiZL/m&ii&^mt. zmth. 
[0018] zcommmxii. smmmwrntztf 

V-btiSkiimAhVyStLX^i. zttit. % 
RtffiX'i&'VZ&PI y-hOSUBOPTIMAL S 
TAGE, OPTIMAL STAGEtffl^-fS. S 

mmz&ra-tzx'wmifcv- b%x b y yy-^h i 

A^jt-^ 2 1, 2 2 k y- 
ffl±E«S«3 1 , 3 2k, #S««8 1 , 8 2ltm 

mmmcora^xmz^ u y- h y 
±!B«(H« 5«o*3&«. mmwcoTn-txizgm turn 
mctiiitnbixM, immmi. 8 2^, y- 
h/v-s;ffl±iB«a«3 i , 3 2&Mwami5{cft 

[ o o 1 9 ] jjct. zcommmcov- b-?—ymMm 
mmi, 32k, y- hSfx h y yrmzmMm 5 

6^"y-h»x h y y7'mMmm®5±cox b y y?" 

5 1 7!)^ 5 4 60 k'co 7"o 7 ? SrB # ^Jt l> *»<^)^^rS 

SrSi B JL-, St; y - h mx b y y rmisz&m® 5 teg 
# yo -y ^ *m l Jt«^-. x h y y ?m m L/m& 

6 im&7tfit'co7o -y 9 z-<xummM®8 1 , 
8 2frbw.Ki-ii)wfcfc}jmzwm-z>. 
[0020] jt-r ±ie«ffl«w>f x*D«je*ifetB»j 

■rs. y-h/^-> > 'ffl±isigiiTu-fex[aw6o^T'- 

^x^mk-ti.k. — o<joro-fex*^-ri.y-b 
«va*^k-f s^^ufiw, mmmox b y 
y yx«, -e<0To-bx*«L7tx h y y^T-*sk 

■fS. ^-^at'^^±l51i*^ f (n/m) -c« 
m= f ( n/m ) 

^•sx^eyftm^ 4 i k iim& l ^ \ fc k * fct\ 

f (n/m) = n/mCOr-X^ttk. . ±^{im = 
n/mk^rO, m=root (n) ttzh. IMfOXd 
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[ 0 0 2 1 ] fcfc, WI^3¥S6 07'D -y y S# 

f££l&0JH-&02 (a) . 02 (b) , 02 (c) , 0 
2(d) S-SffltT. ftlgfitt^^K 6 
tr^^'JXA&iaBS-fl.. 02 (a) J®02 (d) 
Tit. V-hmm&mt LXX bV >7 5 

4 y- h y y yffl±fEti«is& 5 ic 

SKSit&i^fcLTV^. y-h8r*hyyyffl±fB1§ 
5 tsfiqtt S to v 7 \&3MX 1 2 Xo -y y #T"S> 

•C, Xn>yyy)a#SU**?i£U V-hSrXh»jy^ 
ffi±iEttffitf 5 &f£HRK 8 1 , 8 2 fcH* 8U Til 
v^tBS *ufc Xo -y y (ilM 0»L -C^-f Z blrtl. 

H2 ( c > . H2 ( d > t, mmx.rn.tn. zom. 

*)cr>?Uv-7WX-hh. SOttis 02 (a) , 

( b ) tms.TSSfiT^i. v-^xh'j yy±ieii 

yn -y y ti. *BHfiJl"C4jft3iU ; FJg<0* h U y XO 

o-irx 1 5#y~ hgyiu:* h y yyx-j> o . f£^v 

- i^PIT t Xo -feX 1 5 J6*flffif4 . X h y y 7' 5 3 
fc* h U >?5 4 lirn-fex 1 6#y- hOOMLtzZ. b 

y vyx'fo o . a<ov-y«yiTiirn-fcx i 6*W8 

[0022] jfc-f 02 (a)il^h'J yX 5 3<7)/±j& 

ofcBto&TV-h** h »J y^±Et«H«50 1 2 7n 
■y?mzx b y y^jWSW>^>iifc«8i*^LTV^ . £ 
OI$£T\ Xh'j >7 5 1 , 5 2, 5 3^-C<7)BI=^ 
l&ii 0 T'*> I. *» , L£ 7*0 y y £ 5 (SKM 

^roT^I>^ h 'J yX5 3fcW) fcflBfeWfcSiR-f S0> 
T\ S i: LXX b 'J y/5 1 ffiMtlh {X 

T-yX6 1 ) . l<D\7u-y7iW£®Z- 

tztfrsizv- b%x b y yvmmmzm xo 7 y 
Mti. ( i ja±?a$ ) <nx\ zcoxhv 
izmmzhtz&ft (02<?o5 1 3 ) *qi#aio#f«fc 

&o7t<Ii:£jr;LTVvg> (XTv762C0no) , % 

*j. xo-yy ms:#t<s9tt, ^toy-hxhy yy 

%x<r>x b y yy*o£M^ vMiS"£tfXn>y 
y^y- hSr* b y yyjB±tEit^BS5 

4*±tcox h y yyo»*^o/iB#Acottffi&0 

2 (b) fc^t. -Xt-yyy54c7)yn^yt;j:. &#cr> 



xbv mi^izm. ifzmnmn tm 5 1 

2, 5 1 3, 522, 523, 536, 537, 54 
2, 54 60B$8UfcJ:oT, 1 2 7' o -y y 
5 1 1, 52 1, 53 1BS53 5, 54 1, 54 3Jb 
M54 5, 54 7{Ott«>fe<tT^4. C<0«5rS#^^. 
tt> 03^XT'y7°6 2(D^fly)><^ 02c7)7'O yy5 
4 1f{i^L^V\ 02 (b) KiWabRWfc^T 

cox b y yyca#»^gt* J 2 1 * o , swaj-r^* y 

d y y IS^PI t t=Sr 5 § iir ^ 4 i fc 

S. >I^ii:<i. ■7-y^^t7'o-bX 1 5tJiVr 

o-fex l 6T^^rf^^8 1 , 8 2frb<?MM£.\, 

s i t i . y - Mfc* h u y y±f a 
tt^w 5 tcx h y y rw&t&ztix . yp -y y Sra# ^ 
^ s fe«>»ctt , y- f ^ h y y yffi±ieii 5 m 

z.ttMt%l7u v ?-kxbV y its L/8l!A3t* t 

#fats-ry-f syy^, a^^x^m-r-s-y-Ysyyt 

tfc*\ Mm\z%%^ t V,XH<c\h^X%h . tztl 

«\ **otc{i#»i3&««*t*-oir (o*y s v-b 
%x b y y^ffl±E«««t i yo -y y<^s# 
&X) c 03^r;i/yyxAS:^fflL, ijtcaisii. 

Lfe«^t=a# i^x i> yp -y y y>#§ aj us^^ 
ajLtfc<^fct\ A^T-y^^M^ajLfcit/y 

-h©at^^81, 8 2^\cy)y"n.y^co»#ait 

•cs & . v-y'7x-xr/-hiix h y yy^«5c7> 
yo -y ?<wmtf&7 1 , *<oyn -y y **s*jffl^r 
set * o x h y yy*# aj L/s^a»*a i 

tfZ<7)7v y y £^ltiS«8 1,82 *»feR»ffl-t*>t 
[0023] 5fe-f02 ( b ) 4*"7-j/«Sl(i0llBfi«rjftT 

. x h y y y## tB L/m^^k 7 co7u >y y 

7 a-f-v - h r* 4 04 K «t fL{f0 2 
(b) t\ 7D«1 6 C7) V— ^'SSa^jiff L s 7'P-y 
y 5 3 ltfSfc&ofc ivI-C, 04<^)iy)7O 

T\ 2*^>7"D -y y 5 3 1 t^tB-r«I«^7"n - y 
yti. 02 (b) £7)5 3 6, 5 4 23&»/»aSSIi^*Ut 
yn- y yc, ^03*>5 4 2(iggiflT*y. 536{i 
!EK5t*J:J:H (^r 7X7 1, 72) , xbU 
yy"#i ft L/i»«i3#K7li7*n y y 5 4 2 S-M^ 
tti-f (XT7773) . ^^bI V-yJtPWi, 02 
(b) <7)XD-yy54 1, 5 3 2^T'liM-ri.. - 
XP-fe* 1 5cr,-7-iymmtmffL7'v y? 5 1 1 

* { ^c^r^^t-n.i:, ixta^asf ^#xo y^ai 

2 (b) (7)5 1 2, 5 2 2T"S#$;t4>ft£yD>yy-e 
$> 0 , Wmi l *<t)T. 8ftcox b y y y^£7>y 

□ 7?tftS5 12 t>m&ft IcOMMk tt£h. 

[ o o 2 4 ] z (ommmx-ii. ?riz 
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m>* y y r mmm-& <r t x\ yy>v^ 7 ?r iz * 

DHr -y if tcffj "5 ST S £ t Ji^ A>*>T'S> 

6. 

[0025] 

mtzmrt&mv- hw-ssy x -xtmaj-r 

7n -y ^jR**^f K=5r6 i 3 tcMSfl. £ X o 
fcfcitfs 02 (b)tf)MT'U\ Tu-txmzm*cr>ft 

mmm<?>-#mmfrob-t6 1 , hkm^ i / 

O03Rtt#rn-b^-C4ia-ro"C*6. -IfUCfcfLT, 

STfck-tifc. Tn*Xl 5\i±X^^)\,zUthtz 
I/OEHWiOfftO, ra-feXl 6T1i8lE]<7) 

[00 26] iOfgBBKJitltf. S#7o>y?K 
B^aj-fXa-y Rfc, SftffifflLr^SX 

2(b) cOpST'fi. 7'n y ^ 5 3 1 

Xn <y ? 5 3 6 £ft#ai-f t , mz7v <y ? 5 4 2 



*>vd -y ? 5 3 6 x *) i> mz'jm t *sm&im^fr 

h&x Y y >7mm%V-h*-cottm?rr>i§£lz 

nimizzz. 

[Hi ] z<7)%w<n-mmmcomwL**-tmxfoh. 

[02 ] #0 ( a ) 14. X HJ y Xfcfttr&TD -y ? £ 

0 ( b ) hu y- h y y^v-S^S b # , K 
»a}-r7oy?«:ftjrfSKi!lfH. #0 (c ) « % #0 

( a ) <mAtff)x h y yytvyiMzmwi- #0 

( d ) tt#0 ( b ) (nmfiXeox h 0 >?0#8L*mW 

thmx'hi. 

[03 ] y- hap^ h v y?*±mmmmm*.h 

mcoyn-i-v-hX$)&. 

[04 ]y-»h'j y^ffl±e«R«fc3&6 f r*fc 
[05] y - h *^-err* * . 
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